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We sought to determine if commercially available susceptibility tests were accurate in detecting penicillin
resistance and relative resistance in Streptococcus pneumoniae. We compared the reference MIC method with
oxacillin disk screening and three commercial tests, E-test (AB Biodisk), JustOne (Radiometer America), and
MicroScan Pos MIC Panel Type 6 (Baxter Diagnostics), with 80 selected clinical isolates. Thirty-three
additional isolates were tested by the reference method and the E-test to further validate the latter method.
Oxacillin screening was effective in detecting all penicillin-resistant and relatively resistant strains of S.
pneumoniae. The MicroScan method was not effective in detecting penicillin resistance or relative resistance.
The JustOne system classified only 6 (35%) of 17 resistant strains correctly, with 11 resistant strains classified
as relatively resistant. The E-test correctly classified 30 (83%) of 36 resistant isolates, with 6 resistant isolates
interpreted as relatively resistant. For determining penicillin MICs for S. pneumoniae, the E-test was the most
accurate of the commercial systems that we studied.
The incidence of penicillin-resistant Streptococcus pneu-
moniae infections and invasive disease is increasing throughout
the United States (11). Community carriage of resistant strains
is now a widespread concern in institutional settings such as
day care centers. We have recently reported a 33% carriage
rate of S. pneumoniae with reduced susceptibility to penicillin
in children attending a research day care center (4). Increased
penicillin resistance has been reported in S. pneumoniae
isolates obtained from children seen in clinics and private
practices in Tennessee (29%) and in a large day care center in
Kentucky (61%) (2). Prolonged carriage of resistant strains in
these populations is not uncommon and serves as an important
reservoir for dissemination of these strains to other children
and adults (4, 11, 18–20). The upward trend of penicillin
resistance in S. pneumoniae is likely to continue because of the
numerous foci of drug-resistant isolates, continuing antibiotic
pressure, and the potential for spread of these strains. This
trend emphasizes the need for a convenient and reliable
method for detecting penicillin resistance in S. pneumoniae.
Currently, a disk with 1 mg of oxacillin is a reliable indicator
of penicillin resistance but does not give a quantitative suscep-
tibility determination (22). This method does not distinguish
between penicillin resistance (MIC, .1 mg/ml) and relative
resistance (MIC, 0.12 to 1 mg/ml), a distinction which is
important in both meningeal and nonmeningeal foci of infec-
tion with S. pneumoniae. The latter infections may be ade-
quately treated with high doses of parenteral penicillin (3, 14,
17). In contrast, reports have indicated the failure of penicillin
therapy at any dosage in cases of meningitis caused by rela-
tively resistant S. pneumoniae (3, 11, 12, 18). However, it is still
important to distinguish the level of resistance in these isolates
because of recent treatment failures in patients receiving
cephalosporins for meningitis caused by strains resistant to
penicillin (5, 7, 12). It has become increasingly important that
blood and cerebrospinal fluid isolates of S. pneumoniae,
screened as resistant by the oxacillin disk method, be tested
routinely with a quantitative antimicrobial susceptibility
method. It may be important to test clinically significant
oxacillin-resistant isolates from other sources as well. The
reference susceptibility testing method (15), microbroth dilu-
tion with Mueller-Hinton broth supplemented with 5% lysed
horse blood (MH-LHB), is frequently not available in clinical
laboratories. Therefore, we compared three commercial sys-
tems with the reference method for the determination of
penicillin resistance and relative resistance in S. pneumoniae.
We also assessed the accuracy of the oxacillin disk-screening
method for detecting penicillin-resistant and relatively resis-
tant isolates of S. pneumoniae.
Isolates used in this study were from three sources, the
Clinical Microbiology-Immunology Laboratories of the Uni-
versity of North Carolina Hospitals, the Frank Porter Graham
Day Care Center (a research day care center), and Chapel Hill
Pediatrics (a local pediatric practice). The pneumococcal
isolates from the University of North Carolina Hospitals were
clinical isolates, while the isolates obtained from the day care
center and the pediatric practice were from nasopharyngeal
swabs collected during research studies. The 80 isolates tested
in the commercial systems were selected for study to give a
mixture of sensitive, relatively resistant, and resistant isolates
and do not represent rates of resistance in the particular
populations from which they were obtained. Of the 80 isolates,
56 were penicillin sensitive (MIC, ,0.1 mg/ml), 7 were rela-
tively resistant (MIC, 0.1 to 1 mg/ml), and 17 were resistant
(MIC, .1 mg/ml). An additional 33 oxacillin-resistant isolates
from Chapel Hill Pediatrics were tested with the E-test only.
Nineteen strains were penicillin resistant, and 14 were rela-
tively resistant.
Oxacillin screening was done with a disk containing 1 mg of
oxacillin according to the standard method of the National
Committee for Clinical Laboratory Standards (16). Isolates
exhibiting ,20-mm-diameter zones around the oxacillin disk
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were considered resistant by the screening method. Penicillin
G MICs were determined with cation-adjusted MH-LHB.
Microtiter plates were prepared in-house with MH–10% LHB
and doubling dilutions of penicillin G to give a final concen-
tration of 0.016 to 8 mg of penicillin per ml. An inoculum was
prepared by suspending colonies from a 24-h subculture in
0.85% saline to a 0.5 McFarland turbidity standard. The
suspension was diluted 1:100 in adjusted MH broth, and 50 ml
was inoculated into the appropriate wells of the microtiter
plate. The plates were incubated at 358C in 5% CO2 for 20 to
24 h before the MICs were determined. S. pneumoniae ATCC
49619 was used as a quality control organism. The expected
penicillin MIC range of this organism is 0.25 to 1.0 mg/ml.
Quality control values were within this range throughout the
study. Penicillin E-tests were purchased from AB Biodisk
(Culver City, Calif.). Testing was done according to the
recommendations of the manufacturer. Specifically, 5% sheep
blood–MH agar plates were inoculated with a 0.5 McFarland
standard of each organism and incubated for 20 to 24 h at 358C
in 5% CO2. MICs obtained with the E-test were rounded to the
next higher log2 dilution if the MIC fell between the standard
twofold increments of the reference method. Penicillin Just-
One antimicrobial strips (Radiometer America, Inc., Westlake,
Ohio) were set up according to the manufacturer’s guidelines
for S. pneumoniae susceptibility testing. The strips consisted of
microtiter wells containing dried antibiotic. The organism was
suspended to a 0.5 McFarland standard in MH broth and then
diluted 1:100 in Haemophilus test medium (HTM) broth. One
FIG. 1. Agreement between penicillin MICs determined by commercial methods and reference method. (A) Penicillin-sensitive S. pneumoniae isolates (MIC, ,0.1
mg/ml); (B) penicillin relatively resistant isolates (MIC, 0.1 to 1 mg/ml); (C) penicillin-resistant isolates (MIC, .1 mg/ml). Log2 dilution, number of doubling dilutions
either above or below the reference method MIC value.
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hundred microliters of the diluted suspension was added to
each well, and the strips were incubated at 358C in ambient
air for 20 to 24 h. MicroScan Pos Combo Type 6 convention-
al broth panels (Baxter Diagnostics, Inc., Deerfield, Ill.) were
used according to instructions provided by the manufacturer.
MicroScan plates were incubated at 358C in 5% CO2 for 20
to 24 h and then read manually for determination of the
MIC.
The oxacillin disk-screening method was effective in detect-
ing all 17 penicillin-resistant and 7 relatively resistant strains of
S. pneumoniae. The only discrepancies occurred with 3 of 56
penicillin-sensitive isolates which screened as resistant with
this method. This type of discrepancy has been reported
previously (9, 21), but to our knowledge, there have been no
reports of penicillin-resistant isolates screening as sensitive by
the oxacillin disk method. This method, therefore, remains a
reliable and inexpensive way to screen S. pneumoniae for
resistance to penicillin.
Penicillin MICs obtained with the MicroScan system agreed
within 1 log2 dilution for 59 (74%) of 80 isolates (Fig. 1). No
major interpretive errors were noted; however, this method
exhibited the highest rate of minor interpretive errors (28.8%).
Particularly disturbing was the fact that all 17 resistant isolates
were interpreted as relatively resistant even when reference
penicillin MIC values were as high as 8 mg/ml (Table 1). In
addition, five of seven relatively resistant isolates were inter-
preted as sensitive by the MicroScan method. The failure of
this system to detect penicillin resistance in S. pneumoniae was
evident in a previous study in which five of seven resistant
isolates, with MICs ranging from 0.12 to 2 mg/ml, were con-
sidered sensitive by MicroScan (21). Such reports have
prompted the manufacturer of MicroScan to issue a product
alert concerning the failure of this method to reliably detect
penicillin resistance in S. pneumoniae (1).
Penicillin MICs determined by the JustOne system were
compared with those by the reference method in Fig. 1. The
MICs agreed within 1 log2 dilution for 73 (91%) of 80 isolates.
No major interpretive errors were observed with the JustOne
method; however, 15 (18.7%) minor errors were noted. The
majority of these errors were the result of resistant isolates
interpreted as relatively resistant by the JustOne test (Table 1).
Eight of 11 of these isolates demonstrated reference MIC
values of 2 mg/ml and MICs of 1 mg/ml by JustOne.
Penicillin MICs obtained with the E-test agreed within 1 log2
dilution for 72 (90%) of 80 isolates compared with those
obtained with the reference method (Fig. 1). No major inter-
pretive errors occurred with the E-test; however, 7 (8.8%)
minor interpretive errors were observed. Seven sensitive iso-
lates were interpreted as relatively resistant by the E-test. For
five of these isolates, the reference MIC values were 0.016
mg/ml and the E-test MICs were 0.25 mg/ml, resulting in a
difference of four log2 dilutions between the two methods.
Upon completion of susceptibility testing with 80 isolates,
the E-test appeared to be the most accurate of the commercial
tests, demonstrating good overall agreement with the refer-
ence method and the fewest interpretive errors. Since we were
considering adopting the E-test as our routine MIC suscepti-
bility method for S. pneumoniae, we wanted to further validate
its reliability in determining reduced susceptibility to penicillin.
An additional 33 S. pneumoniae isolates which had previously
screened as resistant by the oxacillin disk method were tested
by the reference method and E-test only. The E-test MICs
agreed within one log2 dilution of the reference method for 32
(97%) of 33 isolates. Seven (21.2%) minor errors were docu-
mented, including six resistant isolates interpreted as relatively
resistant by the E-test. These isolates demonstrated reference
MICs of 2 mg/ml and MICs of 1 mg/ml by the E-test. Likewise,
one relatively resistant isolate interpreted as resistant by the
E-test had a reference MIC of 1 mg/ml and an E-test MIC of
2 mg/ml. The combined susceptibility data for the E-test
indicated a 92% agreement within one log2 dilution of the
reference method, with a total of 14 (12.4%) minor interpre-
tive errors (Table 1). Similar results with the E-test were
observed in previous studies (6, 9). In these studies, no major
interpretive errors occurred with the E-test, but a number of
relatively resistant isolates were interpreted as sensitive. Al-
though similar numbers of isolates were tested in our study, we
did not see this phenomenon. Half of the minor interpretive
errors that were observed with the E-test were with strains
exhibiting MIC values which clustered near the breakpoint
between relative resistance and resistance (1 to 2 mg/ml). This
was also seen with the JustOne method. Eleven of 17 resistant
isolates were classified as relatively resistant, with 8 of these
isolates demonstrating breakpoint MICs. The rate of misclas-
sification of resistant isolates with the JustOne method (65%)
was much higher than with the E-test (17%) (x2; P, 0.001). In
addition, 72% of all resistant isolates tested with JustOne
demonstrated MICs at least one log2 dilution lower than MICs
obtained with the reference method (Fig. 1). The lower MIC
values may be due, in part, to the use of HTM broth in the
JustOne method. Pneumococcal penicillin MIC results ob-
tained with this broth have been shown to be typically one log2
dilution lower compared with MICs determined in MH-LHB
(8, 10, 13). Marshall et al. have suggested that the less
supportive nature of the HTM broth may exaggerate the
antibacterial effect observed with penicillin (13).
In conclusion, the E-test correctly classified more relatively
resistant and resistant isolates of S. pneumoniae than did the
JustOne method. Also, the E-test employs materials and
principles of the widely used Kirby-Bauer disk diffusion sus-
ceptibility method, which allows the E-test to be quickly
adapted into the laboratory work flow. We conclude, as have
others (6, 9), that the E-test represents a convenient and
reliable alternative method for the determination of penicillin
MICs of S. pneumoniae.
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